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Abstract—Honey of Trigona sp. or known as Kelulut 
honey is a natural product unique to Malaysia that has 
been reported as having higher nutritional values. 
However, the application of conventional thermal 
treatment for commercial honey processing plant can 
be detrimental to physicochemical properties and 
antioxidant activity due to the unstable and 
thermolabile components when heated at 60 and above. 
Therefore, the objective of this study was to investigate 
the application of non-thermal processing (indirect 
ultrasound and double boiling) as an alternative to the 
thermal treatment in order to minimize the effect of 
heat on the quality of Kelulut honey. The present study 
was undertaken to assess the effect of both treatments 
on the physicochemical properties (pH, moisture 
content, total soluble solid and total solid) and 
nutritional properties (brown pigment and antioxidant 
activity) of Kelulut honey. In the long run, this research 
aims to propose an alternative honey processing which 
can guarantee the enhancement Kelulut honey as a 
natural resources food. 
Keywords—Kelult honey; indirect ultrasound; double 
boiling; physicochemical properties;brown pigment;  
antioxidant activity 
I.  INTRODUCTION 
Honey is a natural sweetener in Malaysia that has 
been reported as having many health benefits with 
higher nutritional value [32]. Recent studies have 
been focusing on the physicochemical properties in 
the Kelulut honey [9, 25, 31]. However, the 
application of conventional thermal treatment in 
commercial honey processing can be detrimental to 
bioactive compounds due to the unstable and 
thermolabile components when heated at 60ºC and 
above. The quality (nutritional value, texture and 
taste) of honey is known to be compromised when it 
goes to thermal processing [13].  
To preserve honey qualities and properties, there 
is great interest to develop innovative nonthermal 
processing such as ultrasonic processing and double 
boiling method to inactivate the spoilage 
microorganisms and undesirable enzyme presents in 
the products, without destroying or minimal 
impairing the sensorial attributes, colour, flavour, 
nutritional values and antioxidant activities [11]. 
Currently, there has been little research conducted on 
the effects of ultrasonic processing on 
physicochemical and antioxidant activity in honeys. 
It has been reported that the application of ultrasonic 
is focus more on the qualities of several fruit juices 
including pear, apple, grape and orange juices [2].  
The need in understanding the effect of non-
thermal treatment on honey is very crucial so that its 
quality could be improved. Therefore, the objective 
of this study is to investigate the application of non-
thermal processing (indirect ultrasound and double 
boiling) as an alternative to the conventional thermal 
treatment. Whilst, honey is unique to Malaysia, it has 
potential to be of interest internationally if it can be 
shown to process novel function food properties. 
Such an outcome could lead to an increase in honey 
production, a diversification in food products 
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containing honey and the resultant potential for 
export internationally.  
II. LITERATURE REVIEW 
Kelulut honey which is also known as Trigona 
honey or Stingless bee honey is among of the type of 
honey that is available in Malaysia. In food science, 
there is no official name for meliponine honeys. 
They could be named after their genus such as 
Melipona honey or Trigona honey, or by their local 
names such as angelita, blanca, criolla, erica, 
guanota, real or tinzuca, etc. while in Malaysia, 
stingless bee honey is also widely known as the 
Kelulut honey [33].  
The antioxidant properties of honey have been 
attributed to some of the constituents  present in 
honey. These constituents include phenolic acids and 
flavonoids [26] certain enzymes (glucose oxidase 
and catalase) [8, 23] ascorbic acid, proteins and 
carotenoids [8]. Furthermore, the therapeutic role of 
honey in the treatment of various ailments has 
received substantial attention recently, and its 
therapeutic value has partly been credited to its 
antioxidant properties [1, 6]. Although Tualang 
honey has been extensively used in the local 
Malaysian community for the treatment of various 
diseases, many different types of honey are 
consumed either directly or indirectly in many 
different foods in Malaysia. Among the different 
types of honey, the antioxidant properties of Tualang 
and Gelam honey have been previously reported [6].   
 Ultrasound/ultrasonic treatment is considered as 
one of the non-thermal technologies which has 
capability to ensure the quality of food after 
processing. It is composed of sound waves with 
frequency beyond the limit of human hearing. By 
tuning frequency, ultrasound can be utilized in many 
industries including food [13]. It is used in many 
foods industry for many purposes including analysis 
methods and food processing such as freezing, 
cutting, drying, tempering, homogenization, 
degassing, antifoaming, filtration and extraction [10]. 
Additionally, low power ultrasound is thought to be 
an attractive non-thermal method due to overcome 
problems which occur during heat treatments such as 
physical and chemical changes, nutritional loss and 
change in organoleptic properties. This review 
summarizes mechanism, operation and latest 
potential applications of ultrasound in the food 
preservation [10]. High power ultrasound can be 
applied using sonication baths or ultrasonic 
immersion probes with different lengths, diameters 
and tip geometries depending on applications. 
Ultrasound application is based on three different 
methods which are:  
i. direct application to the product  
ii. coupling with device  
iii. submergence in an ultrasonic bath   
 
In this study, the samples were submerged in an 
ultrasonic bath as shown in Fig. 1.  
 
  
Fig. 1. Schematic diagram of indirect ultrasonic used for the 
treatment of Kelulut honey in this study . 
Double boiling method of food processing, 
especially for honey processing is underexplored. 
Very limited study has been conducted on this 
method because in culinary it  is claimed as one of 
the cooking technique and not for food processing 
applied in industrial [12, 14, 29]. However, it is 
hyphotesized that by applying this technique in food 
processing, it may improve the quality of the food as 
this treatment has an gentle, even and indirect heat. 
Therefore, the premilinary study on the effect of 
double boiling treatment specifically in Kelulut honey 
should be investigated and proved if this treatment 
can retain and enhance its quality. Even though 
double boiling method is not widely used in industrial 
scale, but it has really good advantages when applied 
in honey processing. This is because, in the absence 
of severe heating, it can minimize the breaking of 
covalent bond, hence eliminate undesirable effects 
that are produced in conventional thermal treatment 
such as colour changes, off-flavours, texture defects, 
and nutrient destruction [27]. 
III. METHODOLOGY 
PART 1: Thermal Treatment, Indirect Ultrasound and 
Double Boiling Treatment on Kelulut Honey  
A. Kelulut Honey  
A fresh and unprocessed Kelulut Honey is 
collected from the local breeder in Johor area as 
recommended by National Apiary Centre, Jabatan 
Pertanian, Parit Botak. For thermal treatment: Kelulut 
Honey (5 g) will be packed in 5 cm × 5 cm transparent 
plastic film pouches and thermoseal under vacuum 
after manually stir. A very thin pouch of 3 mm is 
deliberately used so that honey’s temperature 
approaches the surrounding water temperature in short 
time. The plastic film is made of cast polyroplylene 
for excellent transparency and heat sealing qualities 
and can withstand temperatures up to 125 ºC [4].  
B. Thermal processing of Kelulut Honey  
Thermal processing was performed at 30 ºC, 60 
ºC and 90 ºC for 10, 30, and 60 minutes using a 
Memmerth WNB14 thermostatic water bath 
(Memmerth, Germany). For the treatment, the 
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vacuum sealed samples were fully submerged into the 
distilled water bath. A setting temperature of 30 ºC, 
60 ºC and 90 ºC resulted in the average temperature 
of 30.46 ± 0.13 ºC, 57.64 ± 1.02 ºC and 85.97 ± 1.81 
ºC. These actual temperatures were obtained by 
measuring the thermometer readings (which is 
located in the centre of the bath) during the process. It 
is very reasonable to assume that honey samples 
temperature is very close to the measured 
surrounding water temperature due to the thin 
pouches used. After each treatment, all samples were 
immediately place in ice-cooled water before 
analysis. All honeys are from the same honey batch 
[4]. 
C. Indirect ultrasonic processing of Kelulut honey 
Adapting the method from thermal treatment, 
indirect sonication processing was performed at 30 
ºC, 60 ºC and 80 ºC for 10, 30, and 60 minutes with a 
constant frequency of 37 kHz using a Elmasonic 
S180H ultrasonic bath (Elmasonic, Germany). For the 
treatment, the samples in a 60 ml boiling tube were 
fully submerged into the (32.7 cm x 30cm x 200cm) 
distilled water bath. A setting temperature of 30 ºC, 
60 ºC and 80 ºC resulted in the average temperature 
of 37.32 ± 2.75 ºC, 60.78 ± 2.49 ºC and 80.49 ± 0.61 
ºC. These actual temperatures were obtained by 
measuring thermometer reading in Kelulut honey in 
the test tubes. After each treatment, all samples were 
immediately place in ice-cooled water before 
analysis. All honeys are from the same batch [4].  
 
D. Double boiling processing of Kelulut honey 
The double boiling treatment was performed at 
30˚C, 60˚C and 90˚C for 10, 30 and 60 minutes using 
a double boiler. The double boiler was made 
conventionally using 250ml round bottom flask and a 
250ml beaker that the flask (Sigma-Aldrich, USA), 
which was fit tightly together (Fig. 2). It is very 
important to ensure there was no gap between the 
flask and the beaker so that the heat released by the 
simmering water was totally used to heat the flask. In 
double boiling treatment, distilled water was added to 
the beaker and simmered to desired temperature on 
laboratory hot plate. Then, flask containing Kelulut 
honey was placed on top of the beaker without 
touching the water at bottom to create a seal and trap 
the steam produced by the simmering water. After 
each treatment, all samples were immediately placed 
in ice-cooled water before analysis and the process 
was repeated three times. 
 
Fig. 2. Schematic diagram of double boiling method used for 
the treatment of Kelulut honey in this study . 
PART 2: Determination of Physicochemical 
Properties, Brown Pigment and Antioxidant Activity. 
A. Determination of pH  
Determination of pH: The pH value of honey was 
determined based on the method described by [7] 
using a pH meter (Comark, United Kingdom) for the 
measurement. A 10% w/v of honey solution was 
prepared in aqueous medium.  
B. Determination of Moisture Content  
The moisture content was measured based on the 
AOAC Method 969.38 (2000). A handheld 
Refractometer (Atago®, USA) was used to determine 
the water content in honey based on the refractive 
index. The readings were corrected for a standard 
temperature of 20 ℃ by adding the correction factor 
of 0.00023/℃. The moisture content was calculated 
by using Wedmore’s table referring to the refractive 
index. All measurements were carried out in triplicate 
and the moisture content is expressed in percentage 
(%) [1].  
C. Determination of Total Soluble Solid and Total 
Solid  
The total soluble solid was measured by using a 
refractometer (Atago®, USA) at ambient 
temperature. The readings were corrected for a 
standard temperature of 20 ℃ by adding the 
correction factor of 0.00023/℃. The moisture content 
was calculated by using Sucrose conversion (United 
States Department of Agriculture) table referring to 
the refractive index.  The result is expressed in ◦ Brix. 
Meanwhile, for the total solid, it can be calculated by 
using (1). 
Total Solid = 100% − Moisture content            (1) 
D. Determination of Brown Pigment  
The method for determination of brown pigment 
formation was adapted from Turkmen et al. (2006). 
One gram of honey samples was dissolved in 5 mL of 
distilled water using a vortex mixer. The solution was 
then centrifuged (Hermle Labortechnik, Germany) for 
15 minutes at 500 rpm and filtered through Whatman 
No. 1 before precisely diluted to 4 °Brix with distilled 
water using a RX-5000a digital refractometer 
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(Atago®, USA). Brown pigment formation of honey 
sample was then determined by measuring the 
absorbance of diluted honey at 420 nm using a 
spectrophotometer (Labomed, Inc., USA). The 
experiment was carried out with triplicate samples 
[4].  
E. Determination of Antioxidant Activity  
Antioxidant activity in the sample was determined 
using the 2, 2, diphenyl-2-picryl-hydrazyl (DPPH) 
method. One gram of each honey sample was 
dissolved in 5 mL of distilled water. The solution was 
then centrifuged (Hermle Technik, Germany) for 15 
minutes at 5000 rpm and filtered through Whatman 
no. 1 before precisely diluted to 4 °Brix with distilled 
water using an Atago RX-5000a digital refractometer. 
A 0.5 mL of honey extract was mixed with an aliquot 
of 1.5 mL of 0.1 mM DPPH radical (SigmaAldrich, 
USA) in methanol. The reaction mixture was vortex-
mixed and left to stand at 25 °C in the dark for 60 
min. Absorbance at 517 nm was measured using a 
UV–vis spectrophotometer (Labomed, Inc., USA) 
using methanol as blank, whereas distilled water was 
used as a control. The experiment was carried out 
with triplicate samples.  Antioxidant activity (DPPH 
scavenging activity) was expressed as percentage 
inhibition of the DPPH radical and was determined 
by (2).   
AA (%) = ABScontrol- ABSsample / ABScontrol × 100%       
(2)  
Where, AA (%) is the antioxidant activity in 
percentage, ABScontrol is the absorbance reading of the 
control and ABSsample is the absorbance reading of the 
sample.  
PART 3: Statistical analysis  
Results were given as mean ± standard deviation 
of triplicate samples. One-way analysis of variance 
(ANOVA) will be used to compare the means. 
Differences will be considered significant at p < 0.05. 
All statistical analyses will be performed with 
Minitab version 16 (Minitab Inc., USA). 
IV. RESULTS AND DISCUSSIONS 
A. Untreated Kelulut honey  
The physicochemical properties, brown pigment 
and antioxidant activity of untreated Kelulut honey is 
summarized in Table I. The result shows that the pH 
of untreated Kelulut honey was 3.07 ± 0.06. This 
value found to be lower as compared to other types of 
Malaysian honey such as Tualang, Acacia and Gelam 
with pH of 3.14 ± 0.06, 3.33 ± 0.08 and 3.52 ± 0.07, 
respectively [1]. In comparison with other stingless 
bee honey from other countries such as Tenegn 
Honey (Trigona sp.) from Ethiopia, the pH reported 
as 2.87 ± 0.01, which was also show an acidic value 
with lower pH value [9]. The pH of honeys has been 
linked with other parameters that are influenced by 
geographical and botanical origin, such as mineral 
content [9]. 
The moisture content of untreated Kelulut honey 
was recorded as 26.89 ± 0.27%. This value is within 
the range of floral honey of stingless bee 
(Meliponinae) which ranging from 25.99% to 36.89% 
[25]. However, it was found to be higher than other 
types of Malaysia honey such as Tualang, Gelam and 
Acacia, with moisture content of 25.20 ± 0.17%, 
24.07 ± 0.12% and 19.53 ± 0.12%, respectively [1]. 
Generally, the moisture content of honey has been 
linked to the floral source, although climatic 
conditions, soil, collection period and processing 
aspects may strongly affect this parameter [31]. From 
the moisture content of Kelulut honey, it may be 
explained that the pH of Kelulut honey is much more 
acidic due to its higher moisture content as has been 
suggested by previous work [31].  
The percentage total solid of untreated Kelulut 
honey can be determined correspondingly, which was 
73.11 ± 0.27%, lower than untreated Manuka honey 
(83.54 ± 1.98%) [4]. Meanwhile, the total soluble 
solid (TSS) of untreated Kelulut honey was found as 
71.77 ± 0.26 °Brix. This value was within the range 
of monofloral honey of stingless bee in Brazilian, 
which ranging from 71.10 to 74.70 °Brix [25].  
However, it was found to be slightly lower than other 
Malaysia honey such as Tualang, Gelam and Acacia, 
with TSS of  72.93 ± 0.06, 74.07 ± 0.15 and 74.80 ± 
0.10, respectively [1]. Manuka honey from New 
Zealand [18] also registered a higher TSS (79.67 ± 
0.50°Brix) as compared to untreated Kelulut honey 
found in this study.  
The brown pigment and antioxidant activity  of 
untreated Kelulut honey were found as 0.032 ± 0.005 
and 38.36 ± 0.36%, respectively. The value of 
antioxidant activity is in accordance with the range of 
Malaysia floral honey, 22.40% to 41.30% [1]. 
However, it is much lower Manuka honey (52.36 ± 
0.03%) [17]. The reason is might be due to the 
physical properties in honey which is closely related 
to the presence of antioxidant properties which has 
been reported by previous study [1]. They found that 
the antioxidant properties have strong correlation 
with pH, color, electrical conductivity and total 
soluble solid. 
TABLE I.  PHYSICOCHEMICAL PROPERTIES OF 
UNTREATED KELULUT  HONEY AND 
COMPARISON WITH OTHER HONEY. 
Type of 
Honey 
Stingless 
Bee  
Honey Bee [1] 
*Kelulut 
(In This 
Study) 
Tualang Gelam Acacia 
pH 3.07 ± 0.06 
3.14 ± 
0.06 
3.52 ± 
0.07 
3.33 ± 
0.08 
Moisture 
Content 
(%) 
26.89 ± 0.27 
17.53 ±  
0.12 
24.07 ± 
0.12 
15.16 
± 0.10 
Total 
Soluble 
Solid (%) 
71.77 ± 0.09 
72.93 ±  
0.06 
74.07 ± 
0.15 
74.80 
± 0.10 
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Total Solid 
(%) 
73.11 ± 0.09 - - - 
Brown 
Pigment 
(Au) 
0.04 ± 0.01 - - - 
Antioxidant 
Activity 
(%) 
38.36 ± 0.36 - - - 
* Mean values (Means ± standard deviation) within the same 
column with different letters are significantly different according to 
Turkey’s HSD Test (Minitab Version 16) with n=3  
 
B. Thermally-Treated Kelulut Honey  
 In these experiments, temperatures of 30 °C, 60 
°C and 90 °C were chosen considering the standard 
temperatures to which honey is exposed in industrial 
liquefaction and pasteurization are 45°C and 80°C, 
respectively [13]. The average temperatures registered 
throughout thermal treatments (10, 30 and 60 minutes) 
were 30.46 ± 0.13 ºC, 57.64 ± 1.02 ºC and 85.97 ± 
1.81 ºC. The physicochemical properties of thermally-
treated Kelulut honey were summarized in Table II.  
The pH of thermally-treated Kelulut honey was 
varies at certain processing temperature. At treatment 
temperature of 30℃ and 60℃, the pH is significantly 
higher (p < 0.05) as compared to 90℃. However, no 
significant difference (p > 0.05) between processing 
temperature of 30℃ and 60℃. Generally, the pH of 
thermally-treated Kelulut honey shows a decreasing 
trend when the processing temperature increased. The 
reduction of pH values of thermally-treated Kelulut 
honey with processing temperature of 90°C might be 
due to the thermal acceleration of hydrogen ion 
concentration via food decomposition processes, such 
as hydrolysis. There might have some releasing of 
organic acids from the pollens of honeys during 
thermal treatment, which will also affect the pH value 
of honey and bring to the declining of pH [1].  
The moisture content of thermally-treated Kelulut 
honey was fluctuate as the processing time increased. 
Generally, there are no significant difference (p > 
0.05) of moisture content for all different processing 
temperatures and times, except for processing 
temperature of 90°C in 10 min. It shows a significant 
different (p < 0.05) with processing temperature of 
30°C and 60°C for 60 min of treatments.  No 
significant effect of treatment time when the samples 
were processed at the same temperature. It was 
reported from previuos study,  the moisture content 
for thermally-treated Buckwheat honey was slightly 
higher as compared with the untreated [35]. In 
contrast, the moisture content for Tualang, Gelam and 
Acacia (Malaysian honey) are all decreased after 
being treated with thermal [1]. The results difference 
in various studies is due to the different type of honey 
itself. While the total solids and total soluble solids 
also vary at certain processing temperature. 
 
 
 
 
TABLE II.  PHYSICOCHEMICAL AND NUTRIT IONAL  
PROPERTIES OF THERMALLY-TREATED KELULUT 
HONEY. 
Physicochemical Properties  
Temp 
(℃) 
Time 
(min) 
pH 
Moisture 
content 
(% ) 
Total 
Soluble 
Solid 
(◦ Brix) 
Total 
Solid 
(% ) 
30 
10 
3.2±0.
02
a
 
36.9±3.2
ab
 60.8±3.3
ab
 
63.1±3.2
ab
 
30 
3.2±0.
01
a
 
38.9±5.3
ab
 60.3±4.3
ab
 
61.1±5.3
ab
 
60 
3.2±0.
01
a
 
31.7±3.7
b
 66.6±3.8
a
 
68.3±3.8
a
 
60 
10 
3.2±0.
04
a
 
41. 
8±2.7
ab
 
55.6±2.9
ab
 
58.2±2.7
ab
 
30 
3.2±0.
01
a
 
39.7±5.0
ab
 57.7±5.5
ab
 
60.3±5.0
ab
 
60 
3.2±0.
01
a
 
31.9±2.9
b
 66.5±3.2
a
 
68.1±2.9
a
 
90 
10 
3.2±0.
03
b
 
48.7±5.7
a
 48.2±7.5
b
 
51.3±5.6
b
 
30 
3.0 
±0.03
b
 
35.2±8.7
ab
 62.8±9.7
ab
 
64.8±8.7
ab
 
60 
3.0±0.
01
b
 
35.7±3.4
ab
 62.5±3.6
ab
 
64.3±3.4
ab
 
Nutritional Properties  
Temp. 
(℃) 
Time (min) 
Brown Pigment 
(Au420nm) 
Antioxidan
t Activity 
(% ) 
30 
10 0.023±0.003a 7.83±1.53b 
30 0.015±0.003ab 
13.83±8.43a
b 
60 0.011±0.002b 
12.75±1.58a
b 
60 
10 0.019±0.005ab 9.55±1.96ab 
30 0.018±0.005ab 
14.57±1.49a
b 
60 0.015±0.003ab 16.97±1.33a 
90 
10 0.023±0.005a 
15.83±1.27a
b 
30 0.017±0.002ab 
16.72±1.70a
b 
60 0.014±0.003ab 18.15±0.93a 
*Mean values (Means ± standard deviation) within the same 
column with different letters are significantly different according to 
Turkey’s HSD Test (Minitab Version 16) with n=3. 
 
 
The nutritional properties (brown pigment and 
antioxidant activity) of thermally-treated Kelulut 
honey were summarized in Table II. The result 
shows that the brown pigment of thermally-treated 
Kelulut honey fluctuated as time increases. In 
general, there is no significant difference (p > 0.05) 
of brown pigment at all different processing 
temperatures and times, except for 30℃ and 90℃ 
(10 min) as compared with 30℃ (60 min). 
Meanwhile, no significant differences in brown 
pigment were recorded as the treatment time 
increases even though it was treated at the same 
temperature. Whereas, for the antioxidant activity of 
thermally-treated honey, the result shows an 
increasing trend as the temperature increased. The 
result also shows that, the treatment at higher 
temperature of 60℃ and 90℃ for the longest time 
(60 min), the antioxidant activity in Kelulut honey 
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is significantly different (p > 0.05) as compared to 
the treatment at the lowest temperature (30℃) for a 
shorter time (10 min).  
C. Indirect Ultrasonic-treated Kelulut Honey  
The physicochemical and nutritional properties of 
indirect ultrasonic-treated Kelulut honey were 
summarized in Table III.  The results show that the 
pH of indirect ultrasonic-treated Kelulut honey varies 
for certain processing temperature, however no 
significant difference at all different temperature and 
time were found. Treatment temperature at 30℃ for 
30 min shows the highest in pH value (3.03 ± 
0.01) and it was significantly different (p > 0.05) 
with all treatments at temperature of 60℃ and 
90℃. The reduction of pH values of several treated 
honeys may be due to the thermal acceleration of 
hydrogen ion concentration via food decomposition 
processes, such as hydrolysis [22].  
Meanwhile the moisture content also varies for 
certain processing temperature. No significant 
difference (p < 0.05) of moisture content for all 
different processing temperatures and times was 
found, except at 90°C for 30 min treatment.  It also 
found that the total solids and total soluble solids of 
indirect ultrasonic-treated Kelulut honey fluctuated 
when the processing time increased. Generally, there 
are no significant difference (p > 0.05) for both 
properties at all different processing temperatures 
and times.  
TABLE III.  PHYSICOCHEMICAL AND NUTRITIONAL 
PROPERTIES OF INDIRECT ULTRASONIC-TREATED 
KELULUT HONEY.  
Physicochemical Properties  
Temp
. (℃) 
Time 
(min) 
pH 
Moisture 
content 
(% ) 
Total 
Soluble 
Solid  
(◦ 𝑩𝒓𝒊𝒙) 
Total 
Solid 
(% ) 
30 
10 
 
3.01 
± 
0.00ab 
29.4 ± 
0.8b 
69.2 ± 
0.8a 
71.7 ± 
1.6a 
30 
3.03 
± 
0.01a 
33.0 ± 
2.9ab 
65.3 ± 
3.2ab 
67.0 ± 
2.9ab 
60 
2.98 
± 
0.07ab 
39.5 ± 
0.2ab 
58.2 ± 
12.3ab 
60.5 ± 
10.2ab 
60 
10 
2.99 
± 
0.01b 
37.6 ± 
8.0ab 
60.0 ± 
9.2ab 
62.4 ± 
8.0ab 
30 
2.98 
± 
0.01b 
36.4 ± 
5.0ab 
64.6 ± 
1.5ab 
63.6 ± 
5.0ab 
60 
3.00 
± 
0.02b 
41.9 ± 
7.5ab 
54.9 ± 
8.7ab 
58.2 ± 
7.5ab 
90 
10 
2.98 
± 
0.01b 
43.9 ± 
1.1ab 
52.9 ± 
1.3ab 
56.1 ± 
1.1ab 
30 
2.98 
± 
0.01b 
46.6 ± 
5.9a 
49.2 ± 
7.8b 
53.4 ± 
5.9b 
60 
2.99 
± 
0.01b 
36.3 ± 
3.4ab 
61.7 ± 
4.0ab 
63.7 ± 
3.4ab 
 
 
 
Nutritional Properties 
Temp. 
(℃) 
Time 
(min) 
Brown Pigment (Au420nm) 
Antioxidant Activity 
(%) 
30 10 0.016±0.002d 16.46±1.79a 
30 0.020±0.003cd 19.39±1.05a 
60 0.022±0.003cd 20.36±0.85a 
60 10 0.023±0.000cd 20.55±0.86a 
30 0.025±0.002bc 19.67±3.87a 
60 0.026±0.002bc 23.15±1.05a 
90 10 0.042±0.005b 23.15±7.62a 
30 0.042±0.005a 22.64±2.73a 
60 0.046±0.004a 22.62±3.37a 
*Mean values (Means ± standard deviation) within the same 
column with different letters are significantly different according 
to Turkey’s HSD Test (Minitab Version 16)  with n=3. 
 
The brown pigment of indirect ultrasonic-treated 
Kelulut honey increases as processing temperature 
and time increased. The highest of brown pigment 
was obtained when the sample was treated at higher 
temperature for a longer time, confirming that the 
development of brown pigment is dependent on the 
treatment temperature and time. This can be 
attributed to complexity of non-enzymatic browning 
reactions because they involve different compounds 
and proceed through different chemical pathways 
depending on composition of product and processing 
condition [28]. No significant difference (p > 0.05) in 
antioxidant activity for all treatments. However, the 
antioxidant activity was slightly increased as 
processing temperature and time increased. 
 
D. Double Boiling-Treated Kelulut Honey  
The results for physicochemical and nutritional 
properties of double boiled- Kelulut honey treated at 
30˚C, 60˚C and 90˚C for 10, 30 and 60 minutes is 
summarized in Table IV. 
The result shows that the pH of double boiled 
Kelulut honey at 30 oC and 60 oC were slightly higher 
than the untreated Kelulut honey (3.07±0.06) which 
shows a significant difference (p<0.05). At 90 oC, the 
pH of double boiled Kelulut honey was found out to 
be much lower than the untreated. Generally, there 
was no significant change in pH value of untreated 
and double boiled-Kelulut honey. A study on other 
types of food showed that the steaming treatments 
which has same concept as double boiling method did 
not significantly affect the pH of the samples. 
However, the values may slightly decrease after 
storage [30]. 
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TABLE IV.  PHYSICOCHEMICAL AND NUTRITIONAL 
PROPERTIES OF DOUBLE BOILING-TREATED 
KELULUT HONEY.  
Physicochemical Properties  
Tem
p. 
(℃) 
Time 
(min) 
pH 
Moisture 
content 
(% ) 
Total 
Soluble 
Solid  
(◦ 𝑩𝒓𝒊𝒙) 
Total 
Solid 
(% ) 
30 
10 
 
3.10 ± 
0.01
a
 
24.43 ± 
0.02
a
 
74.26 ± 
0.03
a
 
75.57 ± 
0.02
a
 
30 
3.09 ± 
0.01
ab
 
24.46 ± 
0.20
a
 
74.32 ± 
0.21
a
 
75.54 ± 
0.20
a
 
60 
3.09 ± 
0.01
ab
 
24.18 ± 
0.09
a
 
74.51 ± 
0.10
a
 
75.82 ± 
0.09
a
 
60 
10 
3.08 ± 
0.01
ab
 
26.82 ± 
0.04
a
 
71.85 ± 
0.54
a
 
73.18 ± 
0.54
a
 
30 
3.06 ± 
0.02
bc
 
26.68 ± 
0.37
a
 
71.99 ± 
0.37
a
 
73.32 ± 
0.37
a
 
60 
3.03 ± 
0.02
cd
 
24.84 ± 
1.29
a
 
73.84 ± 
1.29
a
 
75.16 ± 
1.29
a
 
80 
10 
3.03 ± 
0.00
d
 
26.77 ± 
0.15
a
 
71.89 ± 
0.15
a
 
73.23 ± 
0.15
a
 
30 
3.02 ± 
0.00
d
 
26.69 ± 
0.78
a
 
71.97 ± 
0.79
b
 
73.31 ± 
0.78
a
 
60 
3.03 ± 
0.01
d
 
24.69 ± 
2.60
a
 
73.87 ± 
2.51
a
 
75.31 ± 
2.60
a
 
Nutritional Properties  
Treatment 
temperature 
(℃) 
Treat
ment 
time 
(min) 
Brown 
Pigment 
(Au420nm) 
Antioxidant 
Activity 
(% ) 
30 10 0.018±0.001
c
 6.89±2.02
b
 
30 0.018±0.001
c
 6.48±1.36
b
 
60 0.020±0.003
bc
 9.03±1.00
ab
 
60 10 0.021±0.001
bc
 8.29±2.47
ab
 
30 0.022±0.002
bc
 8.05±1.16
ab
 
60 0.030±0.009
ab
 9.69±2.46
ab
 
80 10 0.029±0.002
ab
c
 
11.40±2.27
ab
 
30 0.028±0.004ab
c
 
11.33±2.15ab 
60 0.039±0.005
a
 11.45±4.28
a
 
*Mean values (Means ± standard deviation) within the same 
column with different letters are significantly different according to 
Turkey’s HSD Test (Minitab Version 16) with n=3.  
 
The moisture content, total soluble solid and total 
solids in double boiled-treated honey were changed 
slightly as compared to the untreated. No significant 
changes (p > 0.05) of moisture content, total soluble 
solid and total solid between all the treatments was 
recorded. The insignificant changes in those 
physicochemical properties reveal that these 
physicochemical properties can be retained. In 
addition, it was reported that double boiling treatment 
could avoid the crystallization of honey and would be 
able to kill the spoilage microorganisms as steam 
treatment was reported as an effective treatment to 
reduce high bacterial loads in other foods [19, 34]. 
Thus, it can be hypothesized that the shelf life of 
Kelulut honey can be longer after treated by double 
boiling method. 
For the brown pigment, double boiled- Kelulut 
honey was significantly increased (p < 0.05) when 
heating temperature is increased to 90 oC and 
treatment time is prolonged until 60 min. The result 
shows that the treatment of Kelulut honey at 
temperature of 90 oC for 60 minutes is higher (0.039 
± 0.005) than other treatments, which resulted in 
darker colour. This finding is comparable with 
previous study on green honeybush which showed 
that the sample was darker when it was steamed at ± 
96 oC [7]. 
The antioxidant activity of double-boiled Kelulut 
honey was increases as the treatment temperature 
increased and the time was  prolonged. The result 
shows that there were insignificant changes  (P > 
0.05) of antioxidant activity between all treatments 
except for 30 oC, 10 and 30 minutes (6.89 ± 2.02 and 
6.48 ± 1.36 respectively) with 90 oC, 60 minutes 
(14.45 ± 4.28). However, antioxidant activity of 
double boiled sample was decreased as compared to 
the untreated. This result is in accordance to the 
previous study on other food which showed the 
decreasing of antioxidant activity expressed as DPPH 
radical-scavenging activity after being treated with 
steam treatment [20].  
 
V. CONCLUSION 
This is the first report on the physicochemical 
properties, brown pigmant and antioxidant activity of 
Kelulut honey as affected by non-thermal processing 
method (indirect ultrasonic and double boiling). 
There was no significant difference (p > 0.05) on the 
physicochemical properties and brown pigment 
formation for both treated- Kelulut honey as 
compared to the untreated. This study clearly 
indicates that non-thermal treated Kelulut honey 
possesses a better quality in preserving the 
physicochemical properties, brown pigment and 
antioxidant as compared to thermal processing. Even 
though antioxidant activity of HPP-treated Kelulut 
honey is lower than untreated, it might have 
possibility in maintaining the level of antioxidant 
activity over a longer storage time, which needs 
further investigations. Thus, this preliminary study 
revealed that indirect ultrasonic and double boiling 
has no adverse effect on the quality of Kelulut honey 
as compared to thermal process ing.  
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